Introduction
The genus Lychnophora, family Asteraceae, comprises species native to the Brazilian savanna (Cerrado), mostly in Goiás, Bahia and Minas Gerais states (Semir, 1991) . The aerial parts of many species of Lychnophora are widely used in Brazilian folk medicine, macerated in ethanol or "cachaça" and administered by oral or topical route, as anti-inflammatory, and to treat bruises, pain and rheumatism (Cerqueira et al., 1987; Saúde et al., 1998) .
Extracts of several Lychnophora species, including Lychnophora pinaster Mart., significantly decreased the number of writhing induced by acetic acid, as well as the carrageenaninduced paw oedema, evidencing the anti-inflammatory activity of the topical administration of Lychnophora species (Guzzo et al., 2008) .
According to Ferrari et al. (2012) the extract of Lychnophora trichocarpha elicited serious toxicity signs to both female and male mice. A significant inhibition of the spontaneous locomotor activity and exploratory behavior in mice were observed in the open-field and traction tests; moreover, the same dose (0.75 g/kg) reduced the muscle strength 1 h after administration. Furthermore, histopathological changes were observed such as kidney and liver congestion and inflammation.
Taking in consideration the previously observed analgesic and anti-inflammatory activities of L. pinaster (Guzzo et al., 2008) , the aim of present study was to evaluate the safety of this species when administered orally to mice.
Materials and methods

Plant material
The aerial parts of Lychnophora pinaster Mart., Asteraceae, were collected in March 2007, in Minas Gerais state, Brazil with permission of Instituto Chico Mendes de Conservação da Biodiversidade/Sistema de Autorização e Informação em Biodiversidade (License nº 20113). The plants were identified by Dr. Julio Antonio Lombardi. A voucher specimen was deposited at the Herbarium of the Instituto de Ciências Biológicas, UFMG, Belo Horizonte, Brazil, under the reference number 19.520.
Preparation of plant extracts
The aerial parts of the L. pinaster were dried at 40°C for one week and subsequently powdered. About 2.139 g of the plant was extracted with ethanol at room temperature, for two weeks. The solvent was removed under reduced pressure (below 40°C) to obtain the dried crude ethanolic extract (265 g). The extract yield was 12.4% (w/w). For the toxicological evaluation, the extract was dissolved in dimethylsulfoxide (DMSO), tween and distilled water (1:1:8) to get the concentrations of 12.5, 25 and 50 g/ml, which were used to administer 125, 250 e 500 mg/kg, respectively. The maximum volume of the solutions administered to the animals was 0.05 ml.
Oral acute toxicity
Animals
Adult Swiss mice (30 ± 5 g) of both genders were used for acute toxicity evaluation. The animals were housed in groups of five and maintained on 12 h light:dark cycle under controlled temperature (22 ± 2°C), with standard pellet diet and water ad libitum. Prior to the administration of solutions p.o., animals were kept without food for 8 h but free access to water was allowed. The experimental protocols were approved by the Ethical Committee of Universidade Federal de Ouro Preto (nº 2009/06) and are in accordance with the Guide for the Care and Use of Laboratory Animals, published by the US National Institute of Health (NIH Publication, revised in 1985) .
Short-term toxicity evaluation
The experimental protocol was carried out in accordance to specifications published by Anvisa (2004) determining the evaluation of acute toxicity in both genders of one mammal species. Each single oral dose of the extract (125; 250 or 500 mg/ kg) or vehicle was administered to eight males and six females. The volume administered was about 10 ml/kg of body weight.
General behavior as locomotion, exploratory behavior and muscle tone of the animals were determined as described below for each test. The spontaneous locomotor activity and exploratory behavior were evaluated using the open field test as described by Turner (1972) with modifications; and the muscle strength variation was evaluated using the traction test described by Rudzik et al. (1973) . These parameters were evaluated after 1, 4 and 24 h, after 7 and 14 days from extract administration. The number of survivors was recorded up to 24 h and after that, daily. Body weight variations of males and females were recorded one day before the administration of the extract and four, seven, eleven and fourteen days after . The food and water consumption was recorded one day before the administration of the extract and every three days afterwards, and the proportion by group (gender/dose) was counted enrolling the medium values of each group. After 7 and 14 days, the surviving animals were anesthetized with pentobarbital (45 mg/kg, intraperitoneal) and blood samples were collected from each animal in order to determine biochemical and hematological parameters. The liver, kidneys, lung and brain, were retrieved, dissected, washed with saline and preserved in a formalin solution (10%) for further histological analysis.
Hematological analysis
Blood samples (300 µl) were collected in eppendorf tubes with 5 µl of 10% EDTA (Laborlab ® , São Paulo, Brazil) (Barros et al., 2005; Abbès et al., 2006) . The collected samples were immersed immediately in an ice bath to preserve the morphology and cell number. The following parameters were evaluated using an automatic hematological analyzer (ABX diagnostics, micros 60, France) with adapted dilutions: red blood cells count (RBC), hemoglobin (Hb), hematocrit (Hct), mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC), platelets number, white blood cells count (WBC) Costa-Silva et al., 2008) . The differential leukocyte count was analyzed using optical microscopy; 100 cells were analyzed and counted for each assay (40×).
Biochemical analysis
Blood samples without anticoagulant were centrifuged at 13,000 g for 30 min, stored at -4°C and used a posteriori for biochemical dosages. The following parameters were determined: alkaline phosphatase (ALP), alanine aminotransferase (ALT), aspartate aminotransferase (AST) and total proteins (PT) for hepatic function; urea nitrogen (BUN), uric acid (AUR) and creatinine (CRE) for renal function; and amylase (AMY) for pancreatic function. The colorimetric tests were obtained from Bioclin® (Brazil) and the analyses were carried out using the Random Access Clinical Analyzer (Wiener lab, model CM-200, Argentina).
Organs weight
Euthanization of animals was done by exsanguination with anesthesia on the 7 th or 14 th day after treatment. The liver, kidneys, lung and brain were quickly removed soon after the animals' death, cleaned with saline and their wet weight was determined. The relative organ weight of each animal was then calculated relating the absolute organ weight and body weight of the animal on the day of sacrifice (Mabeku et al., 2007) .
Histopathological analysis
Samples of liver, kidneys, lungs and brain were collected for histopathological analysis. After fixation, the tissues were processed routinely and embedded in paraffin. Sections stained with HE were evaluated qualitative and quantitatively. The qualitative analyses of the different organs (liver, kidneys, lungs and brain) were performed using an Olympus BX50 microscope (10 and 40×) in order to verify alterations in the tissues, as well as presence of cells from the parenchymal polymorphonuclear inflammatory infiltrate (PMNII). The inflammatory infiltrate in the liver was quantified using twenty fields taken randomly (total area traveled equal to 1.5 × 10 6 µm 2 , 40×). The morphometric analysis of the inflammatory infiltrate in this organ was performed from digital images obtained using the micro-camera Leica DFC340FX associated to the microscope Leica DM5000 B (Germany), and all the images were analyzed using the image processing software, Leica Qwin.
Statistical analysis
The results are expressed as mean ± SEM. Variance of data for body weight, hematology, blood biochemistry and relative organ weight was checked for homogeneity using Bartlett's method. If the variance was homogeneous, the data were tested using one-way analysis of variance (ANOVA) followed by Tukey's test. For spontaneous locomotor activity and exploratory behavior, the unpaired t test was used. For the muscle strength, the Fisher's test was used to detect statistical differences between controls and treated groups. A probability level of p ≤ 0.05 was considered significant. The statistical analysis was made using the GraphPad Prism© 5.0 software.
Results and discussion
The results showed that the acute treatment with crude ethanolic extract of Lychnophora pinaster Mart., Asteraceae, by oral route at doses de 125, 250 or 500 mg/kg did not cause death in male and female mice for 7 or 14 days during observation time. However, doses of 250 and 500 mg/kg impaired locomotion, observed in the open field test 4 and 24 h after administration (Table 1) without altering the muscle strength (Table 2) , indicating some toxicity of the higher doses, orally administered. The literature demonstrated that the reduction of the spontaneous locomotor activity reflects a reduced excitability, originated from disturbances of the central nervous system (Ozturk et al., 1996; Perez et al., 1998 The data represent the percentage of animals that failed the test. The groups were compared to the control group (Fisher's test); n, number of animals used in the experiment.
Table 1
Effect of the crude ethanolic extract of Lychnophora pinaster on the number of squares covered by the animals in the open-field test, for 5 min.
Table 2
Effect of the crude ethanolic extract of Lychnophora pinaster on muscle strength of the animals in the traction test.
The hematological profile of control and treated groups are presented in Table 3 . There were no significant differences in the hematological parameters analyzed. The hematological evaluation provides important indication of local and systemic intoxication manifestations induced by drugs (Wyllie and Wyllie, 1991) . However, changes in these parameters, along with biochemical parameters, occur relatively slowly and the length of the experiment probably was not enough to identify these alterations, as previously observed by Ferrari et al. (2012) .
The acute oral treatment of mice with the crude ethanolic extract of L. pinaster, in a general, did not induce significant modifications of the biochemical profile when compared to the control group. However, a decrease in AST and ALT serum blood levels were observed in the animals that received the three doses (125, 250 or 500 mg/kg) in comparison to the control group (Table 4) . ALT is a more specific marker of liver cell damage, because it occurs more frequently in the liver while AST is also found in heart, skeletal muscle, kidneys, brain, pancreas and blood cells (Filippin et al., 2004) . In the liver, ALT is confined to cytoplasm, while AST is found in both mitochondria (80% of total intracellular enzyme) and cytoplasm (20%) (Kew, 2000) . In patients with kidney failure, the AST and ALT are significantly lower than in healthy individuals, due to decreased free pyridoxal-5-phosphate, which reduces the enzymatic activity (Allman et al., 1992) . Changes in these enzymatic levels may suggest liver disease too, but the absence of these changes does not exclude the occurrence of a clinical disorder, as it is the case of the advanced stages of chronic hepatitis C with normal ALT levels (Van Thiel et al., 1995) .
Water consumption as well as food intake in all groups that received 125, 250 or 500 mg/kg was similar to that of the control group. The determinations of water and food consumption are important parameters to evaluate the safety of a product with potential therapeutic activity (Iversen and Nicolaysen, 2003) .
The body weight analysis, assessed for 7 or 14 days of observation showed that L. pinaster did not induce significant changes in either male or female animals. The animal body weight is also an important factor to evaluate the toxicity of a substance (Jahn and Günzel, 1997) . The reduction in body weight and internal organ weight can be a simple and sensitive index of toxicity after exposure to a toxic substance (Raza et al., 2002; Teo et al., 2002) . Changes in organ weight have long been accepted as indicators of test-induced changes, which are often associated with treatment-related effects (Sellers et al., 2007) . In the present work, the extract of L. pinaster did not induce significant changes to the relative weight of the organs of mice of both genders (liver, kidneys, lungs and brain).
Histopathological analysis revealed no alterations of the organs from control animals, as well as the lung and the brain of the treated animals of both genders with the three doses of the extract. The histological analysis of the kidneys of control animals presented normal aspect ( Fig. 1A and B) . The kidneys' histological analysis of mice, of both genders, treated with three doses (125, 250 or 500 mg/kg) of the extract revealed time and dose-dependent alterations. Doses of 125 and 250 mg/kg induced tubular degeneration without glomerular loss in treated mice kidneys, seven days after the extract administration (Fig. 1C) . After 500 mg/kg of extract, the kidneys, besides tubular degeneration, presented glomerular congestion Each value represents the mean ± S.E.M., n = 14 animals (ANOVA followed by Tukey's test with significant difference at *p ≤ 0.05; **p < 0.01). BUN: serum urea nitrogen; AUR: uric acid; CRE: serum creatinine; AMY: amylase; AST: aspartate aminotransferase; ALT: alanine aminotransferase; ALP: alkaline phosphatase; PT: total proteins. D 7 : after 7 days of the administration of the extract; D 14 : after 14 days of the administration of the extract. Table 4 Biochemical parameters obtained from the serum of Swiss mice treated orally with a single dose of the crude ethanolic extract of Lychnophora pinaster.
and a slight inflammation (Fig. 1D) . After fourteen days of administration, the animals treated with 125 or 250 mg/kg of L. pinaster extract, presented tubular vacuolar degeneration, glomerular congestion (Fig. 1E) , discrete glomerular loss and renal tubules dilation with eosinophilic deposition into the tubules' lumen. Additionally, at the same time, for a dose of 500 mg/kg of the extract, a moderate inflammatory infiltrate was observed (Fig. 1F) . These histological changes did not alter CRE and BUN levels in plasma, probably due to the insufficient time of experimentation. The liver of the control animals presented normal aspect ( Fig.  2A) . The liver histological analysis of L. pinaster (125 or 250 mg/ kg) treated mice, seven days after the extract administration, showed vacuolar degeneration, mainly of perivascular hepatocytes without inflammatory process (Fig. 2B and C) . Nevertheless, the liver parenchyma had a similar aspect as the controls. Seven days after the administration of 500 mg/ kg of extract, the liver presented moderate venular congestion, sinusoidal congestion and the presence of parenchymal polymorphonuclear inflammatory infiltrate cells (PMNII) (Fig.  2D and E) . After fourteen days of extract administration (125 or 250 mg/kg), the liver presented a moderate parenchymal and perivascular inflammatory infiltrate; focal hepatic necrosis ( Fig. 2F and G) surrounded by PMNII cells and hydropic degeneration. Fourteen days after the higher dose extract (500 mg/kg) was administered, the liver analysis revealed an intense inflammatory process besides the alterations found at lower doses ( Fig. 2H and I) . Histological changes in the liver can sustain the biochemical changes observed for AST and ALT in animals that received the extract at the three evaluated doses.
The morphometric analysis of the liver showed that the extract does not present hepatotoxic effect time and dose dependent manner, but the hepatotoxic effect of the extract in the females was larger than in the males (Table 5 ). These observations demonstrate that the females are more susceptibility than the males when a single dose of the crude ethanolic extract of Lychnophora pinaster is administered orally. According to Stickel et al. (2005) several medicinal plants can The values represent the mean ± S.E.M. of the 8 and 6 slides for males and females respectively; n, number of animals used in the experiment (ANOVA followed by Tukey's test). D 7 , after 7 days of the administration of the extract; D 14 , after 14 days of the administration of the extract. *p < 0.001 compared to your respective control groups; **p < 0.05 compared to males D 7 ; o p < 0.001 compared to males D 14 ; • p < 0.001 compared to females D 7 .
Table 5
Frequency of cell nuclei per area (1,6 × 10 7 µm 2 ) in the liver of males and females Swiss mice treated with vehicle or different doses of the crude ethanolic extract of Lychnophora pinaster after 7 or 14 days after the administration of the extract.
cause hepatotoxicity and most of those plants affect more female individuals. This gender difference does not reflect a higher likelihood of women to use these preparations, but they have a higher susceptibility towards herb-induced liver damage (Kessler et al., 2001) , as it was observed for the majority of adverse hepatic reactions induced by conventional drugs.
Conclusion
Additional studies will be necessary to verify if the observed alterations are reversible and if it is possible tissues recovery. In any case, some precautions have to exist when the extract is given orally, since the integral safety does not seem to exist for this extract. Besides, the present study evaluated the shortterm toxicity, by a single-dose administration. In order to attend completely the Resolution nº 90 of 2004 of the National Agency of Sanitary Surveillance of Brazil; it will also be necessary the evaluation of multiple-dose administration, for instance, for thirty days, on a daily basis. In conclusion, the acute oral administration of the crude ethanolic extract of Lychnophora pinaster at the three doses evaluated induced toxicity to the renal and hepatic cells, evaluated by histological analysis.
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